In-vitro vs in-vivo Inoculation: Screening for Resistance of Australian Rice Genotypes Against Blast Fungus  by Challagulla, Vineela et al.
                                         Available online at www.sciencedirect.com                                                     
ScienceDirect 
 
                                             Rice Science, 2015, 22(3): 132í137  
In-vitro vs in-vivo Inoculation: Screening for Resistance of 
Australian Rice Genotypes Against Blast Fungus  
Vineela CHALLAGULLA, Surya BHATTARAI, David J. MIDMORE 
(Central Queensland University, School of Medical and Applied Sciences, Rockhampton 4702, Australia) 
Abstract: To assist with rapid screening for rice blast resistance as a precursor in a breeding program, 
the susceptibility to rice blast of 13 rice genotypes from Australia was evaluated in May to June 2013 
using three distinct inoculation methods (spot, filter paper and standard methods) at seedling, vegetative 
and reproductive stages. The results revealed that the spot and filter paper inoculation methods were 
successful in discerning susceptibility to the rice blast disease (P  0.05). Disease susceptibility declined 
significantly from the vegetative to reproductive stages. The standard method was conducted at three 
different stages for pot plants grown inside the mist house. However, low temperatures did not produce 
disease symptoms except in a few genotypes. Among the 13 rice genotypes screened, AAT9 expressed 
a highly resistant response, and AAT4, AAT6, AAT10, AAT11, AAT13, AAT17 and AAT18 expressed 
resistance at various stages. The results will be useful for selecting elite genotypes for disease tolerance 
where rice blast is prevalent. In addition, the resistant genotypes can serve as a gene pool used in 
breeding programmes to develop new resistant genotypes. 
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reproductive stage; rice blast disease; rice genotype 
 
Rice (Oryza sativa L.) has been a major cereal crop 
for 5 000 years, and now, it is the staple diet for 3 
billion around the world (Sukanya et al, 2011). The 
first record of rice cultivation in Australia was in 1906. 
However, as a commercial crop, it was grown only 
from 1924–1925 (www.rga.org.au). Today, rice is 
grown in three states of Australia (New South Wales 
(NSW), Victoria and Queensland), producing one 
million tons, and is exported to 60 countries 
generating AUD$ 800 million revenue per annum.  
Among various fungal diseases infecting the rice 
plant, rice blast is a major disease in terms of 
geographic distribution and is estimated to cost 
millions of dollars in lost production every year (Ribot 
et al, 2008). For example, it causes 40%–70% loss of 
rice grain, amounting to millions of dollars loss in 
countries such as India, the Philippines and Nigeria 
(Sukanya et al, 2011). Rice blast, also known as rice 
fever disease, has been reported in all the rice growing 
countries of the world, firstly in China from 1637, 
Japan from 1704, America from 1876, India from 
1913, and Australia from 2011 (Shafaullah et al, 2011). 
Disease occurrence in temperate regions is mostly due 
to the conserved pathogenic variability of the fungus. 
In upland cultivation, the problem is worse under 
drought conditions (Sukanya et al, 2011). 
The causative agent of the disease is Magnaporthe 
grisea, a filamentous ascomycete fungus. It infects 
leaves, culm and panicles of the rice plants, thus 
reducing photosynthetic efficiency and grain yield 
(Ribot et al, 2008). The cytological description of 
events occurring during the course of the disease was 
established during the 1960’s and later broadly 
reviewed (Talbot et al, 1993; Tucker and Talbot, 2001; 
Xu et al, 2007). In spite of decades of research, 
eradication of the disease is not technically feasible, 
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and in this context controlling the disease is one of the 
major goals of rice cultivation. Integrated approaches 
such as the use of fungicides, resistant genotypes, 
balancing agronomic practices, and the use of 
bio-control agents are being attempted to manage the 
rice blast disease (Ribot et al, 2008). However, among 
all the approaches, the most environmentally friendly 
way to manage the disease is the cultivation of 
resistant or tolerant varieties (Ghazanfar et al, 2009).  
Standard screening protocols of rice varieties for 
susceptibility to rice blast are usually carried out by 
spraying the plant with conidial suspensions under 
greenhouse and field conditions using local isolates of 
the pathogen (Jia et al, 2003; Takahashi et al, 2009). 
However, for screening against exotic isolates, quarantine 
restrictions are frequently applied to control the escape 
of the pathogen into the surrounding environments 
(Jia et al, 2003). Another limiting issue of the standard 
method is that it results in infection with an 
unpredictable number of conidia, making it difficult to 
isolate the associated mRNA (Jia et al, 2003; Takahashi 
et al, 2009). In addition, it is not feasible to screen 
more than one isolate at a time on a single plant 
(Inukai et al, 1994). To overcome such limitations, 
inoculation methods such as pin point or needle 
picking (Inukai et al, 1994), spot inoculation (Jia et al, 
2003), and modified filter paper inoculation (Takahashi 
et al, 2009) were developed. The modified filter paper 
method was tested on Italian Ryegrass to assess grey 
leaf spot resistance and produced a positive correlation 
with the standard screening method (Takahashi et al, 
2009). In this study, 13 unreleased rice genotypes 
were screened against M. grisea infection using two 
in-vitro methods, spot and filter paper, at two rice growth 
stages (vegetative and reproductive stages). To see if 
the results from the in-vitro methods can be replicate 
under semi-controlled conditions, the standard method 
of whole plant inoculation (in-vivo) was performed. 
MATERIALS AND METHODS 
Rice genotypes 
Seed samples of 13 rice genotypes, AAT3, AAT4, AAT6, 
AAT9, AAT10, AAT11, AAT12, AAT13, AAT15, AAT16, 
AAT17, AAT18 and AAT19, were obtained from Australian 
Agricultural Technology Ltd (AAT), NSW, Australia. 
Experimental design and cultivation condition 
A completely randomized design with three replications 
for each rice genotype was used. For the spot and filter 
paper methods (in-vitro), one replication contained one 
segment with three detached leaves. In the standard 
method (in-vivo), one replication was comprised of a 
pot with three plants. Rice plants were grown under 
field conditions using nursery trays in 3 and 5 L 
plastic pots until they attained 8 (seedling stage), 12 
(vegetative stage) and 16 (reproductive stage) weeks. 
The nursery trays and pots were filled with 
commercially available potting mixture, and a slow 
release fertilizer (osmocote plus trace elements total 
all purpose, Scotts Australia) was applied at 10 g per 
container once every two weeks. Each container was 
sowed with 6–7 seeds, and after germination, young 
seedlings were thinned to three plants per container. 
The experiment was conducted in May to June 2013. 
Preparation of conidial suspension 
A field isolate of M. oryzae was kindly provided by Dr. 
Sivas ROGERS (Mycologist, Department of Agriculture, 
Fisheries and Forestry, Brisbane, Australia), with 
accession number BRIP 55372a and maintained using 
potato dextrose agar (PDA) media. The conidial 
suspension was prepared according to Miura et al 
(2005) and Takahashi et al (2009). In brief, the strain 
was grown using PDA at (25 ± 2) °C for 10 d in the 
dark. Aerial mycelia was scraped off using a brush 
into distilled water, and sporulation was induced by 
exposing the culture to near ultraviolet light at (25 ± 
1) °C for 10 d. The conidia were adjusted to a final 
concentration of 5 × 105 conidia/mL using distilled 
water. The final conidial concentration was determined 
by a Sedgwick rafter counting cell. To enhance the 
adherence of conidia to rice leaves, Tween 20 was 
added to gelatin (0.02% Tween 20 in 0.25% gelatin) to 
the suspension (Jia et al, 2003).  
Inoculation methods 
Two methods of in-vitro inoculations, a spot 
inoculation (Jia et al, 2003) and a filter paper 
inoculation (Takahashi et al, 2009), were used under 
controlled laboratory conditions at the vegetative and 
reproductive stages of the rice plant. A standard 
method (Miura et al, 2005) was also conducted under 
in-vivo conditions at the seedling, vegetative and 
reproductive stages of the rice plant using mist house 
conditions. Across the inoculation methods, leaves 
were monitored every day for the development of 
necrotic lesions, and the disease was scored after 10 d 
of incubation. The disease score is an average of all 
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the replications. 
Material sterilizations  
To avoid contamination from external sources, the 
filter paper, Petri dishes, pipette tips and deionized 
water were sterilized using an autoclave (121 °C and 
15 psi for 20 min).  
Control samples 
Each genotype had its own control sample, which was 
inoculated with a mixture of distilled water, Tween 20 
and gelatine (composition similar to conidial suspension) 
in the in-vitro and in-vivo methods.  
Spot inoculation 
The leaves (one leaf from each plant) were obtained at 
12 and 16 weeks. Each was cut into three 2.5 cm 
segments and was immediately placed into Petri dishes 
lined with moist filter paper. Leaves from eight-week 
old plants were not used since they were not fully 
spread and cannot hold the droplet of the inoculum. 
Each leaf segment was inoculated with 5 ȝL droplets 
of conidial suspension (Fig. 1-A). The Petri dishes 
were placed on a laboratory bench and maintained at 
(25 ± 1) °C under continuous fluorescent light [(40 ± 5) 
μmol/(m2Âs)] for 24 h. The droplets were then removed 
by blotting with a laboratory tissue paper. The leaves 
were incubated at (25 ± 1) °C for 10 d in the dark. To 
avoid desiccation of the leaf segments during 
incubation, deionised water was added once every 3 d 
to the Petri dishes to maintain the moisture level.  
Filter paper inoculation  
Leaf sample collection and placement in the Petri 
dishes were the same as the spot inoculation method 
except that the leaves were placed abaxial side up (Fig. 
1-B). Ten microlitres of conidial suspension were dropped 
onto a rectangular strip of filter paper. The inoculated 
surface of the filter paper was then placed in contact 
with the abaxial side of the leaf segment. The Petri 
dishes were incubated for 72 h in the dark at 25 °C.  
Standard method  
The conidial suspension was sprayed onto all leaf 
surfaces at 8, 12 and 16 weeks old plants using indoor 
sprayers, until the surface of the leaf was covered. The 
inoculated plants were placed in the dark (incubator) 
at 25 °C for 24 h, and were then moved to the mist 
house with the relative humidity maintained at 75% 
and uncontrolled temperature. This experiment was 
repeated twice with three replications for each 
genotype. The first inoculation was on 15 May 2013, 
and the second was on 1 June 2013. The temperature 
Table 1. Temperatures in May to June 2013 in Rockhampton, Australia.                                                       (°C) 
Date 
May  June 
Date 
May  June 
Maximum Minimum  Maximum Maximum Maximum Minimum  Maximum Minimum 
1st 27.1 17.9  23.8 15.4 18th 24.9 10.7  23.3 8.4 
2nd 28.5 16.9  26.4 15.0 19th 24.9 11.1  20.9 6.5 
3rd 26.2 17.8  23.5 15.8 20th 24.4 8.1  20.2 7.3 
4th 27.1 15.1  23.1 9.4 21st 24.5 10.3  15.8 11.9 
5th 27.8 12.1  24.7 11.3 22nd 22.9 14.6  22.4 6.3 
6th 21.3 16.2  23.0 16.6 23rd 23.8 16.0  22.8 5.8 
7th 25.1 17.6  24.2 17.6 24th 22.1 13.0  23.0 7.7 
8th 24.8 18.0  24.6 16.7 25th 23.9 12.1  22.0 7.4 
9th 25.5 17.9  24.3 16.8 26th 24.0 11.3  19.4 7.7 
10th 25.0 16.2  24.9 17.4 27th 24.8 11.8  22.9 8.8 
11th 25.6 17.2  24.7 14.5 28th 24.6 16.6  23.7 8.1 
12th 25.6 17.4  26.4 18.7 29th 21.3 16.9  25.1 8.5 
13th 25.5 17.7  27.7 18.1 30th 25.2 17.0  23.9 8.7 
14th 26.0 18.3  25.5 17.1 31st 25.1 17.0    
15th 25.1 17.4  21.9 11.3 Highest daily 28.5 18.3  27.7 18.7 
16th 18.5 18.1  21.3 7.5 Lowest daily 18.5 8.1  15.5 5.8 
17th 23.8 14.8  23.2 8.5 Monthly mean 24.7 15.3  23.3 11.7 
Source: http://www.bom.gov.au/climate/data/. 
Fig. 1. In-vitro inoculation methods used to screen rice blast disease 
symptoms. 
A, Spot inoculation method; B, Filter paper inoculation method. 
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data of May to June 2013 are provided in Table 1.  
Disease score 
Disease severity was recorded through visual estimation 
using a disease scale according to Takahashi et al 
(2009). No visible symptoms were scored as high 
resistance (score 0), dark brown pinpoint lesions were 
scored as resistance (score 1), expanding dark brown 
without sporulating lesions were scored as moderate 
resistance (score 2), small circular lesions with 
sporulating areas were scored as susceptibility (score 
3), and large expanding lesions with sporulating areas 
were scored as high susceptibility (score 4).  
Statistical analysis 
The data obtained from the disease screening were 
analyzed using a factorial analysis of variance 
(ANOVA) with factors as genotypes, methods and 
plant stages for in-vitro techniques, and genotypes and 
plant stages for in-vivo technique. The analysis was 
performed using Genstat statistical package, version 
11.1 (VSNi Ltd, UK). The Bonferroni test was 
performed as a post hoc analysis to compare treatment 
means. Simple correlation was run between the 
treatment methods (in-vitro), and the correlation 
coefficient (r) was derived. A value of P  0.05 was 
considered as significant. All replicates with identical 
disease symptoms in all the inoculation methods were 
no measurable standard error. 
RESULTS 
At the vegetative stage, the disease severity differed 
significantly between genotypes and ranged from 1 to 
4 using both the spot and filter paper methods (Fig. 
2-A). Both methods resulted in the similar disease scores 
across genotypes except AAT3 and AAT11. There was 
no significant difference between the two in-vitro methods 
(spot inoculation, 2.85; filter paper inoculation, 2.69). 
Among the 13 genotypes, AAT4, AAT9 and AAT10 
expressed resistance to rice blast disease (Fig. 2-A).  
At the reproductive stage, the disease severity among 
the genotypes ranged from 0 to 4 (Fig. 2-B). The disease 
symptoms among the genotypes at the reproductive 
stage varied significantly (P < 0.001), but not between 
the two in-vitro methods. AAT9 was high resistance, 
whereas AAT6, AAT11, AAT13, AAT17 and AAT18 were 
resistance. However, AAT15 expressed highly susceptible 
symptoms at both the vegetative and reproductive 
stages (Fig. 2). With the exception of a few genotypes, 
the disease symptoms decreased significantly from the 
vegetative to reproductive stages in both the spot and 
filter paper inoculation methods.  
In the standard method trial, except AAT4 which 
was scored as susceptibility at the seedling stage and 
AAT18 which was scored moderately resistant at both 
 
Fig. 2. Disease response of rice genotypes to rice blast inoculation using spot and filter paper methods at the vegetative (A) and reproductive 
(B) stages.  
Data points represent the mean of three replicates with associated least significant differences of means. 
Bars represent the standard deviation. 
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the seedling and vegetative stages, all other genotypes 
displayed no discernible disease symptoms (Fig. 3). 
Disease symptoms expressed across the growth stages 
using the spot and filter paper inoculation methods 
cannot be reproduced with the standard method. 
The interaction between rice genotypes and growth 
stages was significant (F = 196.38, df = 13, 138; P < 
0.001). However, the correlation between standard 
method and spot (r = 0.14) and filter paper (r = 0.19) 
inoculation was not significant. The correlation 
between spot inoculation and filter paper inoculation 
was highly significant (r = 0.98). 
DISCUSSION  
Screening various local genotypes to rice blast disease 
is well reported (Jia et al, 2003; Castejón-Muñoz et al, 
2007; Ghazanfar et al, 2009). However, screening at 
various stages of plant growth and comparing 
different methods have not been documented for rice. 
In this study, 13 rice genotypes were exposed to M. 
oryzae using spot and filter paper methods (in-vitro) at 
the vegetative and reproductive stages, and the 
standard plant inoculation method at the seedling, 
vegetative and reproductive stages (in-vivo under mist 
house conditions).  
Determination of rice blast severity using the spot 
inoculation method was reported by Jia et al (2003). 
However, the filter paper method of screening for rice 
blast in rice plants has not previously been reported. 
In this study, the disease symptoms expressed using 
the spot and filter paper inoculation methods were 
similar except AAT3 and AAT11 genotypes at the 
vegetative stage. The reason for the variation in 
disease expression is unclear, but is not related to 
maturity class or stomatal density (unpublished results). 
Furthermore, these methods are simple and efficient in 
selecting resistant genotypes and can be conducted 
under controlled conditions. This study demonstrated 
that the filter paper method developed and used to 
determine the grey leaf spot in Italian ryegrass (Jia et al, 
2003) was successful in determining the severity of 
rice blast disease in Oryza sativa. From the correlation 
results obtained, it is evident that from in-vitro 
methods (spot and filter paper), disease score 
measures a similar genotypic response. The advantage 
of in-vitro screening methods is that in spite of 
providing favourable disease expression conditions, if 
the cultivar is identified as resistance to disease, the 
cultivar can further be considered for breeding 
programmes. In addition, these methods reduce the 
risk of the pathogen spreading to the surrounding 
environments (Jia et al, 2003; Takahashi et al, 2009).  
In this study, the results obtained using the standard 
plant inoculation method at the seedling, vegetative 
and reproductive stages correlate with neither spot nor 
filter paper inoculation methods, and plant inoculation 
displayed either low or no disease score. Unfortunately, 
results from in-vitro screening techniques cannot be 
replicated using the in-vivo method. Using filter paper 
and standard methods and testing for grey leaf spot in 
Italian ryegrass, Takahashi et al (2009) achieved low 
disease score with the filter paper method, when 
compared to the standard plant inoculation method.  
The reason for the poor disease expression in the 
standard method in the present study might be the 
inconductive semi-controlled experimental conditions 
in the mist house. It is well documented that weather 
conditions such as temperature and humidity play 
major roles for rice blast disease expression. In the 
present study, one of the possible reasons might be the 
low temperatures during May to June 2013. The 
average maximum temperatures at the first (15–26 
May 2013) and second inoculation trial (1–11 June 
2013) were 23.6 °C and 24.3 °C, respectively (Table 
1), and the minimum temperatures were 13.1 °C and 
15.1 °C, respectively. The optimum temperature for 
the spores to germinate in order to produce the disease 
is 25 °C–28 °C (Ribot et al, 2008). In addition, the 
spore concentration (5 × 105 conidia/mL) might not be 
sufficient to establish the disease on the rice plants 
 
Fig. 3. Disease response of rice genotypes to rice blast inoculation 
using standard method at seedling and vegetative stage.  
Data points represent the mean of three replicates with associated 
least significant differences of means. 
Bars represent the standard deviation. 
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grown in a mist house environment, although similar 
concentrations have been used in inoculation 
experiments (Ribot et al, 2008).  
With the exception of a few genotypes, there was 
significant reduction in the disease score from the 
vegetative to reproductive stages, and the results were 
similar in both in-vitro methods. The reason is unclear, 
however it can be due to the phenomenon of age 
related resistance (ARR), which increases the 
resistance or reduces the susceptibility to pathogens 
(Panter and Jones, 2002; Zeier, 2005). The plant 
developmental stage and its relation to disease 
resistance are well documented in various crops 
(Chase and Jones, 1986; Pretorius et al, 1988; Rupe 
and Gbur, 1995). For example, the tobacco (Nicotiana 
tabacum) plant leaves obtain resistance to the fungal 
pathogen Phytophthora parasitica, when the plant 
reaches the flowering stage, and several key 
mechanisms responsible such as variation in 
apoplastic nutrient content in younger and older leaves 
have been identified. However, little is known about 
their influence (Zeier, 2005). In addition to the ARR, 
the wound responsive defence activity of a detached 
leaf cannot be ignored as a reason for the increased 
resistance of rice genotypes to the rice blast pathogen 
with the increasing age of the plant, as noted for grey 
leaf spot in Italian reygrass (Takahashi et al, 2009).  
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